
"PL.,To1S IFIED

407 955
AD

DEFENSE DOCUMENTATION CENTER
FOR

SCIENTIFIC AND TECHNICAL INFORMATION

CAMERON STATION, AIHXANDRIA, VIRGINIA

UNCLASSIFIED



NOTICE: When government or other drawings, speci-
fications or other data are used for any purpose
other than in connection with a definitely related
government procurement operation, the U. S.
Government thereby incurs no responsibility, nor any
obligation whatsoever; and the fact that the Govern-
ment may have formulated, furnished, or in any way
supplied the said drawings, specifications, or other
data is not to be regarded by implication or other-
wise as in any manner licensing the holder or any
other person or corporation, or conveying any rights
or permission to manufacture, use or sell any
patented invention that may in any way be related
thereto.



[3

1j407 9551

•I'

* •EVALUATION OF NAVY INVENTORY
5 •DECISION RULES UTILIZING THE

- IBM INVENTORY MANAGEMENT SIMULATOR

I

I FINAL REPORT
CONTRACT NONR 3742(00)

Flow Charts

DDCjur. 17 196M

] TISIA B

IBJ,¶
FEDERAL SYSTEMS DIVISION

ROCKVILLE. MARYLAND



Evaluation of Navy Inventory Decision Rules
Utilizing the IBM Inventory Management Simulator

FINAL REPORT
CONTRACT NONR 3742(00)

1 29 June 1962

Submitted to

DEPARTMENT OF THE NAVY
Bureau of Supplies and Accounts

Advanced Logistics Research Division

Washington 25, D. C.

Flow Charts

FEDERAL SYSTEMS DIVISION

INTERNATIONAL BUSINESS MACHINES CORPORATION
ROCKVILLE, MARYLAND



MAIN LINE PROGRAM
1 of 2

CALL NO
SUBROUTINE

START

CALL SUBROUTINE

IRUN. THIS ROUTINE CALL SUBROUTINE
READS SYSTEM RECPT. ROUTINE

PARAMETERS AND SIMULATES RECEIPT
INITIATES RUN OF AN ORDER

CALL SUBROUTINE

I ITEM.THIS ROUTINE
READS ITEM INFOR- CALL SUBROUTINE

MATION AND BOVOH. ROUTINE
INITIATES ITEM FILLS BACK ORDERSI ©PARAMETERS FROM ON HAND

SCALL SUBROUTINE DE- CALL SUBROUTINE

I MAND. THIS ROUTINE ISSUE. ROUTINE
READS A BLOCK OF ISSUES FROM ON

DEMANDS, IF NEEDED,
AND EXAMINES THE HAND TO FILL

NEXT DEMAND, SO THAT DEMAND.
IT CAN SET THE PRO-

GRAM SWITCHES IN THESPROPER CONDITION

LF

END OFCALL SUBROUTINE
NO TEFORCST. ROUTINE

WEEK COMPUTES aD AND
MAKES NEXT

FORCAST.

N• CALL SUBROUTIN E

FOREASTRULE. ROUTINE
TIMESELECTS THE RULE

(SR I, OR PRC) AND
CMPUTES EOQ AND

YES ORDER POINT



MAIN LINE PROGRAM
2 of 2

CALL SUBROUTINE
REVIEW. ROUTINE

CHECKS THE ORDER
LEVEL AND PLACES

ORDER, IF NEEDED

CALL SUBROUTINERUN REP. ROUT INE l ~ • ,.• ) •.•1 PRODUCES A LINE

OF OUTPUT FOR THE
RUNNING REPORT

NoO~i ,HSTEM BE EN"yE
SCOMPLETELY ---

CALL SUBROUTINE

EVITEM. ROUTINE

EVALUATES ITEMPRNOUS~AND PRINTS

2 RESULTS

REAUL SUB O TN

E RUN.ROTN

PRINTS THE SYSTEM

SUMMARY



SUBROUTINE START

READ ITEM
RECORD INFORMATION

FROM INPUT
TAPE

WRITE TO TAPESIfN BINARY CODE

SARE
SALL TH E NO

YES

CALL D TAPE

TO PREPARE
DEMAND TAPE

EXIT
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SUBROUTINE D TAPE

(PREPARE DEMAND TAPE)

READ HEADER

CARD

READ A }
CARD

I CONVERT THE VARIOUS FIELDS

'ý- T HI A ES INTO DEMAND AMOUNT

DEMAN>DTRANSACTION CODE
CAR TIME FRAME

ITEM NUMBER

INTERPRET P'ACE,AS A SE'PARATOR IOUTPUT
CARD BLOCK

TAKE THE DEMANDS FOR
1ST 22 WEEKS AND ADD TO

PREVIOUS 82 WEEKS,

TO MAKE 104 WEEKS

OF DEMANDS

PREPARE DEMAND TAPE
BY WRITING FROM THE

OUTPUT BLOCK.

RECORDS OF 30 DEMANDS

EXIT



SUBROUTINE I RUN
(INITIATE RUN (SYSTEM) PARAMATERS)

CLEAR OUTPUT
FROM

PREVIOUS RUNS

IS YESIIO

DOWN UP

READ SYSTEM READ SYSTEM

NEGATIVE

NO

SET FORECAST
INTERVAL

TO
13 WEEKS

TURN OFF TURN SENSE
SENSE LIGHT 2 ON IF
LIGHTS THIS IS A S.R.1. RUN

SET REVIEW INTERVALI
TO 2 WEEKS IF RE•/IHD

CONTINUOUS REVIEW,
SET REVIEW INTERVAL INPUT

TO 13 WEEKS IF TAPESDISCRETE REVIEW

EXIT

6



SUBROUTINE I ITEM

RESET TO ZERO
ALL COLLECTOR'S

OF ITEM SUMMARY
RESULTS

READ A NEW
ITEM FROM

TAPE

INITIATE ON
HAND, ON

ORDER QUEUES

I•|'iIATE FORECAST PARAMETERS
FORECAST OVERLEAD TIME= MEAN ANNUAL DEMAND) (LEAD TIME IN

STANDARD DEVIATION =VFORECASTL.T. YEARS)

MEAN ABSOLUTE DEVIATION=0 8-(MEAN ANNUAL DEMAND)0
4

CALL SUBROUTINE!
R TO INITIATE
ORDER QUANTITY
AND ORDER POINT

EXIT

7



SUBROUTINE DEMAND
I of 4

SET SWITCH
B=OLD T

WHERE (B) IS BEGINNING
OF A WEEK AND (T) IS

END OF A WEEK

TRNFRTHIS

N NO

THMOE POSTART

TNETHDESANo

OF DEMAND

TIRTYEMND

MOVEV POINTED

TO NET DEMANDTOAUL

OF DEM KAENADDRE

TEMPORARY AREA
(A)

ALL THE N



SUBROUTINE DEMAND
2 of 4

42 5

MOVE POINTER [INCREASE WEEK
TO I INDICATOR

NEXT DEMAND /BY 1

OF BLOCK

EMIT ZERO
YES ARE DEMAND TO

THERE MORE ACTUAL DEMAND
DEMANDSIN AREA (B)

BLOCK

NO

READ A
BLOCK OF

30 DEMANDS
--'T RAN SACTIONS•CODE

SET POINTER

TO 1STASYHBTZ
DEMANDe

•t ADD DEMAND

TRANSFER THIS TO SUM OF
DEMAND TO FORECAST

TEMPORARY.
AREA (A) DEMAND

AT THE END OF
EACH QUARTER

SET THE SUM OF
FORECAST DE-

MANDS TO ZERO TRANSACT

6 7 8

9



SUBROUTINE DEMAND

3 of 4

8

REDUCE THE FOLLOWING
BY THE DEMAND AMOUNT:

1. SUM OF REPORTABLE
DEMANDS

2. SUM OF FREc)srrDEMANDS
3. SUM OF ISSUES

TRANSACT ION

ADD AMOUNT
TO ON HAND

BALANCE

NUMBER
OF WEEKS

SET DEMANDLAST
AMOUNT TO ZEROECAST

FOR LATER USE <13 >13

OADJUST SET FORECAST

M NES'TH IT'°CT YESRSE(A TREQUDIE TAREAN COUNTER SWITCH

AT ENG OFHIEE
I G

9 1

10



SUBROUTINE DEMAND
4 of 4

ADJUST SETA E () A

COUNTER REVIEWSERAO

SWITCH

RESET IEPEET N

COUNTER IESTEIM

!, SET END OF

/"•. ITEM SWITCH

CLEAR END

OF ITEM SWITCH

YST CLEA ENFO

RUUN SWITCH

REWIND INPUT

TAPES

EXIT



SUBROUTINE RECPT

Is

ON ORDER
BY AMOUNT

RECEIVED

EXIT

12



SUBROUTINE BOVOH
(BACK ORDERS VS ON HAND)

Iof 2

C ON EXIT

YEXI

[ ARSE
BACT BACK
ORDERSQOUATFI LLED

BAD UER ERT BACK ORDER)E

OF ITMISUEOA

YESE

FR O NMBE TOC ZRERO

OFEBACK ORDER

12ERO

QUEU (ONUMBER ITEMSI BACK ORDER)
THE RTEMAININGU (TIM INOTACKODR

FROD TO NUBRBC RERO

BACK ORDER

13

13



SUBROUTINE BOVOH

TEE YES EXIT

SC L 
OVE 

TO 
RE 

-

A J T ONHAN D ON E X IT
ORDER QUEUES

ORDER FILE

NOREDUCE ON HAND
__-----.•HOBY 

AMOUNT OF

I BACK ORDERIPLACE UNFILLED POR-I TON BACK INTO BACK-RI"ORDER QUEUE 
!S~ADD 

TO NUMBER OF
ITEMS ISSUED FROMI BACK ORDER

[(N U M B E R O F IT EM S IN B A C K O R D E R ) ( I E I 'B C R E ) 
DTO SUM OF BACK ORDER WEEKS I[(NUMBER OF ITEMS IN BACK ORDER) II I (TIME IN BACK ORDER)], TO SUM OF BACK ORDER WEEKS

SADD TO NUMBER OF
ITEMS ISSUED FROM

BACK ORDER IREDUCE BACK ORDERITOTAL BY AMOUNT OF!S! , B A C K O R D E RSREDUCE BACK ORDER!
TOTAL BY AMOUNT

•, 
BACK ORDER

f QUEUESSET ON HAND

AMOUNT TO ZEROYS

SCALL MOVE TO RE- 
ORER

ADJ UST QUEUES 
+

EXIT
14



SUJBROUTINE MOVE

SHIFT ENTRIES
OF QUEUES

FORWARD
DISCARDING

FIRST ENTRY

EXIT

15



SUBROUTINE ISSUE

Is ~YES ONHD
THISDEMND EUALYES

DEMANDIN BACK ADD DEMAND TO BACK

ORDER QUEUE PLACE IN BACK ORDER

iISSUE GOODS:1. DECREASE ON HAND BY
AMOUNT FILLED

2. INCREASE SUM OF ISSUES
FIGURE3. READJUST QUEUES

ADD ITO NUMBER OF ISSUES

EXIT

16



SUBROUTINE
FORCST

FORECAST
ERROR = PREV.

QTR. FORECAST-
ACTUAL DiEMAND

ADD FORECAST
ERROR TO SUM

OF FORECAST
ERRORS

COMPUTE ABSO-
LUTE DEVIATION

(AD)
AD=ad• FORECAST

ERRORI) +
* (1-a)(OLDAD)

COMPUTE
STANDARD DEVI-

ATION a OVER
QUARTER

a= 1.25x AD

COMPUTE STANDARD DEV.
OVER LEAD TIME aD
(aD =(a)V'L.EAD TIME IN YEARS

FORECAST FOR
QUARTER

=a(ACTUAL
DEMAND)+ (1- -a)

(OLD FORECAST,

!FORECAST FOR
YEAR =

(FORECAST FOR
QTRS) (4)

FORECAST OVER
LEAD TIME=

FORECAST FOR QTR)
LEAD TIME IN QTRS)

EXIT

1'7



SUBROUTINE RULE

NO A R YES

CALL SRI CALL PRC
ROUTINE ROUTINE

EXIT

18



SUBROUTINE

PRC
PAGE Z OF 2

DEMAND LESS. THAN

CALL NORMAL NO 7VARIANC E

SUBROUTINE FOR NO"TO MEAN RATI
COMPUTING ORDER GETERTHAN/

POINTO INC U

1 S9

CALL NEG BIN
NEGATIVE BINOMIAL

SUBROUTINE

EXIT WITH ORDER QUAN,
ORDER POINT' COMPUTED

19



SUBROUJTINE
PRC

PAGE I OF Z

QUANUTIT ORERQUALTT

(HLINTG AER IF IT IS ST

COPT ISK AI

CALL POISSONAN

20



SUBROUTINE NORMAL

IS 4• NO

<,,RISK RATIO <__ .14

YES

T= 1.59R2- 3.893R+ 1.553

T =-644R3 + 247.7R- 33.26R + 2.713

E N = F,+(T) (SD)

EXIT

21



SUBROUTINE FISSON

COMPUTE THE PROBABIL-
ITY OF ZERO
DEMANDS, p(o)

CUM 1 - p(o)SET 1 0

SETI

22

INCREASE
I BY I

COMPUTE THE
PROBABILITY OF

I DEMANDS,
p(i)

SET
CUM = OLD
CUM - p(l)

22



SUBROUTINE NEG BIN

COMPUTE PROBABILITY OF
ZERO DEMANDS, p(o)

COMPUTE CUM= I - p(o)

SETI=0

i'Rs YES SET ORDER

F INCREASE I BY I EXIT

____ I
COMPUTE THE PROBABIL1TY

OF I DEMANDS, 
p(I)

SET CUM=OLD CUM- p(I) j

2.3



SHORTAGE COST
FUNCTION SHC(I)

MODE-

SHORTAGE COST NHORt~IM E COS - EQUALS SHORTAGE COSTSEQUALS WUNiIT CCI •,.1 EQUALS
$50 + UNIT COST [.(UNIT COSTji,() (ANNUA.L DEMAND)] "'" $50

Exir

EXIT

,/



SRI RULES

1 of 2

SET UP CONSTANTS

Z-0O FOR CONTINUOUS RULE
Z=='/, YEARS DEMAND FOR

DISCRETE RULE

COMPUTEIV / cmEESh

COMPUTE

COMPUTECNTNK= DL(I+VyL+VpD/L)+(VWES

SF-kL Q*= 1.85(FDQ 2=) % Q*= FD+ Q,

PC HCF

REVIEW

16 17

25



SRI RULES
2 of 2

ORDER QUANTITY IS [ORDER QUANTITY

MAXIMUM OF IS MAXIMUM OF
Q*+ D0.5+ VD) Q*

.+R AND AND

+, I

QUANTITY (0)

ITO BETWEEN 6 WEEKS
AND 5 YEARS

SUPPLY

COMPUTE

X* =FD log [J--O(1 • D~FD

PDlo j.(1-0 FD)] +-2(Wi-VD)

ORDER POINT (x) is
X=MAX(I,DL+Z,X*)

HALF ADJUST

EXIT

2C



SUBROUTINE REVIEW

is o NO O°°DER
_L PLACEDEXIT

PLACE AN ORDER
FOR

X+Q-AVAILABLE

ADD $25 TO
TOTAL ORDER

COST

SET LEAD TIME
TO FIRST UNUSED

VARIABLE
LEAD TIME ON
ITEM RECOR6

PLACE ORDER
IN DUE-IN
QUEUE IN

PROPER SEQUENCE

EXIT

27



SUBROUTINE RUNREP
(PRODUCE RUNNING REPORT)

TRe FOLLOWING ARE ACCUMULATED WEEKLY FOR
USE IN THE ITEM SUMMARY REPORT:
COST OF MATERIAL PROCURED= (UNIT COST)
(ORDER QUANTITY)

ON HAND AMOUNT
ORDER POINT
FORECAST OVER LEAD TIME

EIT

NO T

WRITE A SYSTEM HEADING,

ITEM INITIALIZATION
HEADING, AND

COILUMN HEADING :
SFOR RUiýNNINGi REPORT

SCOMPUTE

AVAILABLE=ON
SHAND+DUE IN-

BACK ORDER
TOTAL

RUNNIN RECATORT

EXI

28



SUBROUTINE EVITEM
I of 2

COMPUTE FOR
INDIVIDUAL ITEM

OUTPUT AND SUM
FOR SYSTEM OUTPUT

AVERAGE VALUE OF ON HAND STOCKS=
(UNIT COST) NUMBER OF ITEMS PLACED INTO

(INVENTORY LEVEL SUMMARIZED WEEKLY) BACKORDER-

(NUMBER OF WEEKS) DEMANDS-IMMEDIATE ISSUES

rDOLLAR VELOCITY OF ANNUAL DEMAND=
(SUM OF DEMANDS) (UNIT COST) SHORTAGE COST (DOLLAR BASE)-

(NUMBER OF YEARS ($1.00) (NUMBER OFITEMS PLACED IN B/0)

AVERAGE VALUE OF LEAD TIME STOCK= SHORTAGE COST (UNIT COST BASE)=

(LEAD TIME STOCK SUMMED WEEKLY)(UNIT COST) (UNIT COST)

(NUMBER OF WEEKS) (NUMBER OF ITEMS PLACED IN B/O)

AVERAGE VALUE OF ORDER POINT STOCK= TOTAL COST (DOLLAR BASE)=

(ORDER POINT SUMMED WEEKLY)(UNIT COST) ORDER COST+HOLDING COST+SHORTAGEI (NUMBER OF WEEKS) ICOST (DOLLAR BASE)

HOLDING COST= TOTAL COST (UNIT COST BASE) f
ORDER COST+HOLDING COST+SHORTAGE

15% OF AVERAGE VALUE OF ON HAND STOCK COST (UNIT COST BASE)

18
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SUBROUTINE EVITEM
2 of 2

is

SERVICE PERCENTAGE=
100% IF THERE ARE NO DEMANDS

OR
[ISSUES (IMMEDIATELY)]

(l) DEMANDS]

BACK ORDER SERVICE--
(BACK ORDER ISSUE)

(DEMANDS)

AVERAGE BACK ORDER AGE=

BACK ORDER WEEKS (OF ITEMS ISSUED- FROM B/O)
BACK ORDER ISSUES

PRIN7 ITEM

SUMMARY RESULTS

EXIT

30



SUBROUTINE EYRUN

WRITE RUN

PARAMETER

HEADING

COMPUTE FOR THIS RUN

PERCENT SERVICE=I00

(SUM OF ISSUES FOR ALL ITEMS)

(SUM OF DEMANDS FOR ALL ITEMS)

COMPUTE FOR THIS RUN

PERCENT BACK ORDER SERVICE=

(SUM OF BACK ORDER ISSUES)
100 (SUM OF DEMANDS)

WRITE OUT
SYSTEM SUMMARY

REPORT

EXIT

31


